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0 Method of and apparatus for detecting shaft position of compressor for air conditioner, and control 
apparatus for stopping air compressor by using shaft position detecting apparatus. 



0 Tlie load torque of a compressor for circulating 
refrigerant wKhln a refrigerating cycle changes wltti 
tiie rotational position of tiie shaft of tiie compressor, 
and the phase difference between tiie primary cur- 
rent and voltage of an Induction motor for driving tiie 
compressor changes with the load torque. Taking 
tiie above facts into consideration, in turning off ttie 
compressor driven by tiie induction motor which is 
{^powered witii a fixed frequency AC power source, 
^ttie shaft position of the compressor is detected in 
— accordance witii tiie phase difference, and tfie cur- 
^rent of tiie motor Is turned off at tiie timing of a 
m particular phase difference when tiie load torque 
becomes minimum, tiius reducing vibration when the 
compressor is stopped. 
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METHOD OF AND APPARATUS FOR DETECTING SHAFT POSITION OF COMPRESSOR FOR AiR CON- 
DITIONER, AND CONTROL APPARATUS FOR STOPPING AIR COMPRESSOR BY USING SHAFT POSITION 

DETECTING APPARATUS 



RELD OF THE INVENTION 



The present invention relates to a method of 
and an appa^^tus for detscSng the shau posiuon of 
a compressor used for an air conditioner and 
driven by an induction motor connected to a fixed 
frequency AC power source, and a control appara* 
tus for stopping an air conditioner by using the 
Shalt position detecting apparatus. 



desirable from the standpoint of maintenance and 
noise control. 

It can be thought that by detecting a shaft 
position, the motor is controlled to be stopped at a 

5 particuiar shaft position which allows minimum vi- 
bration. However, according to the related art, if a 
Hall effect device is used as a shaft position de- 
tecting element, It is difficult in practice to mount 
such a device on compressors, particularly of the 

10 closed type. 



BACKGROUND ART 



SUMMARY OF THE INVENTION 



With an air conditioner having a compressor for 
circulating refrigerant within a refrigerating cycle. 
«and in which the compressor is coupled to an 
induction motor driven by a fixed frequency AG 
power source, the room temperature is controlled 
by turning on and off the compressor and hence 
the induction motor while comparing an actual 
room temperature with a setting temperature and 
making the difference -therebetween zero. In con- 
trast with air conditioners known as inverter air 
conditioners, the room temperature is controlled 
more properly by regulating the air conditioner 
capability through variable speed running of the 
compressor, the variable speed ninning being con* 
ducted with the Inverter and AC motor. 

In both cases, the motor is turned off in order 
to stop the compressor, in this case, motor for 
fixed frequency type air conditioners are stopped 
while the motor is rotating at a relatively high 
rotational speed conresponding to the fixed fre- 
quency, e.g., 50 Hz or 60 Hz, whereas on the other 
hand the mptor for inverter air conditioners are 
stopped while the motor is rotating at a relatively 
low rotational speed conresponding to a relatively 
low frequency. 

The load of an air conditioner compressor or 
driving motor tiierefor varies greatly during one 
rotation, between a maximum torque immediately 
before discharge of tiie compressor, and a mini- 
mum torque at the start of suction of the compres- 
sor. Considerable vibration may be generated 
therefore depending on a shaft position when tiie 
compressor is stopped. For instance, in ttie case of 
fixed frequency window type air conditioners, upon 
tuming off the motor power. Hie motor Is stopped 
rapidly from a relatively high rotational speed cor- 
responding to ttte commercial power source fre- 
quency, resulting in large vibrations which are un- 



75 

It is therefore a first object of the present 
invention to provide a simple method of and ap- 
paratus for detecting a shaft position of a compres- 
sor driven by an induction motor of a fixed fre- 

20 quency power source type. 

It is a second object of the present invention to 
provide a control apparatus for stopping an air 
conditioner, and which is capable of suppressing 
vibrations which are generated when a compressor 

25 driven by an induction motor of a fixed frequency 
power source type, is stopped. 

In order to achieve tiie above objects, ttie 
" present invention proposes a metiiod of detecting 
the shaft position of a compressor for an air con- 

30 ditioner. characterized In tiiat tfie shaft position of 
ttie compressor is detected on ttie basis of the 
phase difference between tiie current and voltage 
of an induction motor for driving the compressor 
connected to a fixed frequency AC power source, 

35 and which circulates refrigerant within a refrigerat- 
ing cycle. 

The present invention further proposes an ap- 
paratos for detecting the shaft position of a com- 
pressor for an air conditioner characterized in com- 

40 prising a sample/hold circuit for outputting a volt- 
age signal having an amplitude conresponding to a 
phase difference between tiie cun-ent and voltage 
of an induction motor for driving tiie compressor 
connected to a fixed frequency AC power source, 

45 and which circulates refrigerant within a refrigerat- 
ing cycle, and phase signal outputting means for 
outputting a phase signal when the voltage signal 
held by the sample/hold circuit takes a predeter- 
mined value. 

50 The present invention still further proposes a 
control apparatus for stopping an air conditioner 
characterized in comprising ttie shaft position de- 
tecting apparatus; off-signal outputting means for 
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outputting an off-control signal when a phase dif* 
ference between current and voltage of an induc- 
tion motor detected with the shaft position detect- 
ing apparatus takes a predetermined value after a 
compressor-off command has been generated for 
stopping the compressor; and switching means for 
turning off an AC power source in response to the 
off-control signal from the off-signal output means. 

The load torque of an induction motor directly 
coupled to a compressor pulsates greatly during 
one rotation, between a maximum torque imme- 
diately before discharge of the compressor and a 
minimum torque at the start of suction of the com- 
pressor. The torque pulsation does not coincide 
with a sinusoidal change of the power source be- 
cause an induction motor used as a driving motor 
has sOp in operation. The phase of the torque 
pulsation becomes equal to that of the power 
source at a certain time, and thereafter the shift of 
the relative phase becomes large until it again 
becomes zero. Such change Is periodically re- 
peated. Assuming that a motor is running with a 
slip of 5 %, the relationship between tiie power 
source voltage change and the torque pulsation 
becomes the same once every 20 cycles of the 
power source. In the meantime, ttie phase dif- 
ference of tiie primary cunrent and voltage of an 
induction motor changes in accordance with tiie 
amount of instantaneous torque. Namely, the phase 
difference becomes small for large torque, and 
large for small torque. By positively utilizing ttiis 
fact, the instantaneous shaft position of a compres- 
sor can be known by detecting flie phase dif- 
ference between input cunrent and voltage of an 
induction motor. 

According to tiie present invention, the shaft 
position of a compressor is detected on tiie basis 
of tiie above principle. Witti tills position detecting 
metiiod, tiie shaft position can be easily detected 
on the basis of tiie cun^ent and voltage of a motor 
and wiUiout mounting a specific position detecting 
device wHhin or near tiie compressor. 

The compressor can be stopped at a specific 
shaft position by turning off tiie motor power 
source at a specific phase difference in accordance 
witii tiie above-described position detection princi- 
ple, ttius minimizing vlbratiori when tiie compressor 
is stopped. Experiments for a window type air 
conditioner showed ttiat vibration was minimum 
when tiie conditioner was stopped at tiie minimum 
phase difference. 

BRIEF DESCRIPTION OF THE DRAWINGS 



In the accompanying drawings, 
Rg. 1 is a block diagram showing an em- 



bodiment of this Invention; 

Rg. 2 shows waveforms used for explaining 
tiie relationship between tiie phase difference be- 
tween input current and volt^e of tiie motor and 
5 an output signal from tiie sample/hold circuit re- 
spectively shown in Rg. 1; 

Rg. 3 shows a waveform of an output signal 
from ttie sample/hold circuit witii enlarged sampling 
periods; 

70 Rg. 4 is timing chart for explaining tfie op- 

eration of tiie control apparatus shown in Rg. 1; 

Hg. 5 shows the circuit arrangement of a 
control apparatus for an air conditioner acconjing 
to a second embodiment of tills Invention; 
15 Rg. 6 shows cun-ent and voltage wavefonns 

of an AC power source; and 

Rg. 7 shows a sample/hold signal and a 
delay time of a current. 

20 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



25 Rg. 1 shows an embodiment of tiie present 
invention. 

In Rg. 1, as tiie components of a refrigerating 
cycle for circulating refrigerant of an air conditioner, 
tiiere Is shown only a compressor (CP) 2 which Is 
00 driven by an induction motor (IM) 4 directiy coup- 
ted thereto. The induction motor 4 is supplied with 
a ddvlng power via a TRIAC 8 sen/ing as switching 
means from a fixed frequency AC power source 6, 
such as a commercial power source of 50 Hz or an 
35 inverter which is operated at a continuously stabi- 
lized frequency for at least a certain period. Upon 
reception of a trigger light from a light emitting 
diode 11 connected to an output tenninal of a 
control apparatus, tiie TRIAC 8 is triggered witii a 
40 bidirectional light receiving element 12. The ligiit 
emitting and receiving elements 11 and 12 con- 
stitute a photocoupler 10. An AC power source 6 is 
connected via a resistor 13 to a light emitting diode 
16 which is illuminated when a negative half cycle 
45 voltage of the AC power source 6 is applied. Light 
emitted from tiie light emitting diode IS is received 
by a phototransistor 16 which is then turned on. 
The light emitting diode 15 and phototransistor 16 
constitute a second photocoupler. The phototran- 
50 sister 16 is connected in parallel with a capacitor 
19 which is charged ttirough a resistor 18. The 
resistor and capacitor 19 constitute a charge volt- 
age forming circuit 17. The voltage charged in ttie 
capacitor 19 is input as a sample voltage to a 
55 sample/hold circuit 20. 

A cun^nt (primary cun'ent) of Uie induction 
motor 4 Is detected with a current detector 21, and 
a corresponding voltage signal Is input to ttie first 
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input terminal of a comparator 22. . The second 
Input terminal thereof has a zero voHage signal 
Input The output of the ramparator 22 Is con- 
nected to a differential droiit 23 composed of a 
capacitor 24 and resistor 25. A pulse signal output 
from the differential circuit 23 is supplied as a 
sampling control signal to the sample/hold circuit 
20. 

An output signal Vh obtained from the 
sample/hold circuit 20 in the at>ove circuit arrange- 
ment will be described. 

In Rg. 2(a), a solid line represents a voltage Vg 
of the AC power source 6, and a broken line 
represents a current \m of the induction motor 4. As 
shown in Rg. 2(b), no current flows through the 
light emitting diode 15 during a positive tiaff cycle 
of the voltage of the AC power source 6 so that the 
light emitting diode 15 does not Illuminate. There- 
fore, the phototransistor 16 is maintained off, and 
the capacitor 19 is charged through the resistor 18 
as indicated by a capacitor voltage Ve. At the zero 
cross point at which a cun'ent transits from nega- 
tive to positive, a pulse signal is output from the 
differential circuit 23. The pulse signal as a sam- 
pling control signal is supplied to the sample/hold 
circuit 20 which in turn samples the input capacitor 
voltage Ve and holds it as a sample/hold voltage 
Vh. The sample/hold voltage Vh can be expressed 
in temns of a function of a phase difference be- 
tween the voltage Vc and curent Ut and is used as 
a signal representative of the phase difference in 
this embodiment As the voltage Vg becomes nega- 
tive, cunrent flows through the light emitting diode 
15 and causes it to illuminate. Upon reception of 
this light the phototransistor 16 is turned on to 
therefore discharge the capacitor 19 and make its 
charge voltage zero. The above operations are 
repeated for each cycle of tiie power source volt- 
age V,. 

By repeating ttie above sampling operation, a 
sample/hold voltage Vh as shown in Rg. 3 can be 
obtained, the sample/hold voltage Vh having a cycl- 
ical period corresponding to 1/S of the frequency of 
ttie AC power source 6, where S represents a slip 
of tiie induction motor 4. For instance, assuming 
tiiat the slip S of the induction motor 4 is 5 %, tiie 
sample/hold voltage Vh has a period corresponding 
to 20 cycles of tiie AC power source 6 voltage. The 
value of ttie sample/hold voltage Vh at a particular 
phase is used as a pointer for indicating the shaft 
position of the induction motor 2 and hence com- 
pressor 4. 

The sample/hold voltage Vh obtained from tiie 
sample/hold circuit 20 is input to tiie first input 
temnlnal of a second comparator 26, ttie maximum 
value Vx of ttie sample/hold voltage is held at a 
maximum value holding circuit 27, and tiie mini- 
mum value V„ is held at a minimum value holding 



circuit 28. A comparator reference voltage Va of tiie 
comparator 26 which is applied to the second Input 
terminal ttiereof is obtained by a divider composed 
of resistors 29 and 30, the comparator reference 

5 voltage being set at a middle value between ttie' 
maximum value Vh and minimum value Vo and 
corresponding to ttie stop position of ttie compres- 
sor. The comparator 26 compares ttie sample/hold 
voltage Vh input to ttie first input tenninal with tiie 

10 comparator reference voltage Va and dslr/srs an 
output signal Sa as a phase signal. The output 
signal Sa takes an "H (high level)" signal in ttie 
region of Vh ^ Vg and an "L (low level)" signal in 
ttie region of Vh < Va. The output signal Sa from 

75 ttie comparator 26 Is input as a clock signl to ttie C 
input terminal of a D-type flip-flop (FF) 31, to ttie D 
input tenninal of which a compressor on/off com* 
mand So is input An output signal Q from tiie 0- 
type flip-flop 31 Is input via a delay circuit 32 to an 

20 OR gate 33 as its first input signal, ttie second 
input signal being ttie compressor on/off command 
So. If So = "H", It means a compressor-on com- 
mand, and if So = "L", it means a compressor-off 
command. The delay time of ttie delay circuit 32 is 

25 set at a time To longer than a half cycle and 
shorter tiian one cycle (of the power source volt- 
age). A compressor-off control signal So Is output 
from tiie OR circuit 33 so ttiat ttie TRIAC 8 is 
controlled via ttie photocoupler 10. 

30 The operation of tiie control apparatus shown 
in Rg. 1 will be described witti reference to Rg. 4. 

As described previously, ttie comparator 26 
compares ttie sample/hold voltage Vh from tiie 
sample/hold circuit 20 wltti ttie comparator refer- 
as ence voltage Va, and delivers an output signal Sa 
which takes an *'H" signal in ttie region of Vh i Va 
and an "L" signal in the region of Vh < Vg. The 
output signal Sa is input to ttie C Input terminal of 
ttie D-type flip-flop 31. H ttie compressor on/off 

40 command So input to ttie D input tenninal is an "H" 
signal at the rising time when the output signal Sa 
changes from "L" to "H" (refer to tiie points in- 
dicated by arrow), tiie induction motor 4 and hence 
compressor 2 continues to operate. In tills con- 

45 dition. even If ttie compressor on/off command So 
changes to "L", ttie D-type flip-flop 31 does not 
change its output The output of tiie D-type flip-flop 
31 changed to "L" at ttie rising time when ttie 
output signal Sa of ttie comparator 26 changes 

50 from "L" to "H" after tiie compressor on/off com- 
mand So became "L". After ttie lapse of ttie delay 
time Td set at ttie delay circuit 32 after ttie rising 
time* the compressor on/off control signal Sc output 
from ttie OR gate 33 becomes "L". Then, ttie 

55 trigger signal to ttie TRIAC 8 Is Intercepted so ttiat 
no cunrent flows after ttie following cun'ent zero 
cross point Namely, the cunrent can be stopped at 
ttie cunrent zero cross point. The cunrent zero cross 



4 



point corresponds to the rotary position of the 
motor 4 and shaft position of the compressor 2 at 
which vibrations become minimum, thus enabling 
the compressor 2 to stop with minimum vibration. 

It was confirmed from the experiments that 
when the compressor was stopped at each of eight 
stages during one cycle of the torque pulsation, the 
vibration acceleration became minimum at the 
minimum point of the phase difference. The mini- 
mum vibration acceleration was about half the 
maximum value. According to the present inven- 
tion, ttie compressor can always be stopped at the 
minimum vibration point, thus realizing an air con- 
ditioner with substantially small vibration. 

In the above embodiment a TRIAC has been 
used as a switching element for tuming on and off 
the power source for the induction motor 4. Since 
the current presently passing through a TRIAC 
cannot be stopped at once at that time unless a 
forced quenching means is provided, the above 
embodiment TRIAC Is caused to be tumed off at 
the cunrent zero cross point by providing a delay 
time equal to or shorter ttian. one cycle. If an 
element whose tuming-on/off can be controlled, Is 
used instead of tiie TRIAC, the cunrent can be 
stopped immediately at higher precision without 
providing the delay circuit 32 for waiting for a 
maximum of one cycle. 

In the embodiment shown in Rg. 1, a phase 
difference between a voltage zero cross point and 
a current zero cross point of the AC power source 
is detected to output a signal which turns off the 
switching means at the cunrent zero cross point In 
this case, tuming off the switching means is de- 
layed at a maximum of one cycle so ttiat if tiie slip 
of tile Induction motor is not constant, there may 
be a displacement, alttiough very small, of ttie 
shaft position when ttie compressor is stopped. 
Such a problem can be solved by ttie embodiment 
shown in Rg. 5. 

In ttie embodiment shown in Rg. 5, a power 
source voltage Vs Is applied to a zero cross detect- 
ing circuit 41, and an output of a cun'ent detector 
21 is applied to a signal converting circuit 42. The 
zero cross detecting circuit 41 detects a zero cross 
point of tiie power source voltage Vs and outputs a 
corresponding zero cross signal Vq. The signal 
converting circuit 42 converts a cunrent Im into a 
corresponding voltage signal Vi and outputs it The 
voltage signal V| hand zero cross signal Vo are 
supplied to a sample/hold circuit 43. The 
sample/hold circuit 43 samples tiie amplitude of 
ttie voltage signal V| (corresponding to tiie cunrent 
value Im) supplied from tiie signal converting circuit 
42 wfien the AC power source voltage V, changes 
from negative to positive, in accordance witti the 
zero cross signal Vo, and holds It as a sample^old 
signal Vh (refer to Rg. 6). The sample/hold signal 



Vh changes at each cycle of ttie power ^urce 
voltage V, to thus have a waveform as shown in 
Rg. 7(a). Rg. 7(b) shows a phase difference be- 
tween tiie voltage zero cross point at which ttie 

5 current value Is sampled and tiie current zero cross 
point A sample generator 40 is constituted by ttie 
zero cross detecting circuit 41. signal converting 
circuit 42 and sample/hold circuit 43. 

The sample/hold signal Vh generated at tiie 

10 sample/hold circuit 43 is supplied to a maximum 
value holding circuit 45 and a minimum value hold- 
ing circuit 48, and also supplied to the first input 
tenninai of a comparator 48 to be described later. 
The maximum and minimum value holding circuits 

15 45 and 46 hold ttie maximum value Vx and mini- 
mum value Vn of ttie input sample/hold signal Vh, 
and output ttiem to the conresponding input termi- 
nals of a voltage divider 47. The maximum value 
holding circuit 45 detects ttie maximum value cor- 

20 responding to a maximum torque at ttie time of ttie 
voltage zero cross point and tiie minimum value 
holding circuit 46 detects a minimum value cor- 
responding to a minimum torque. The voltage di- 
vider 47 is constmcted of resistors (refer to Rg. 1) 

25 and outputs a comparator reference voltage Va 
conresponding to ttie middle value between ttie 
maximum value Vx and minimum value V„. The 
comparator reference voltage Va is supplied to ttie 
second input tenninai of ttie comparator 48 which 

30 compares ttie sample/hold signal Vh witfi tiie com- 
parator reference voltage signal Va and outputs a 
position indicating signal Sa. The position indicating 
signal Sa takes an "H" signal when ttie sample/hold 
signal Vh is equal to or larger than ttie comparator 

35 reference voltage signal Va (Vh ^ Va) and an "L" 
signal when tiie fomner is smaller their tiie latter (Vh 
< Va). The position Indicating signal Sa is a signal 
con-esponding to a cunrent value detected at ttie 
voltage zero cross point. The time when ttie posi- 

40 tion indicating signal Sa is obtained conresponds to 
ttie time at and from which tiie current value gradu- 
ally increases, it can be judged tiiat the load torque 
of tiie induction motor 4 is maximum at such a 
time, and ttiat tiie shaft position of ttie compressor 

45 is at a maximum torque position immediately be- 
fore discharge of the compressor. A signal gener-- 
ator 44 is constituted by tiie maximum value hold- 
ing circuit 45, minimum value holding circuit 48. 
divider 47, and comparator 48. 

50 The position Indicating signal Sa is supplied to 
an edge detecting circuit 49 which detects tiie front 
or back edge of tiie rectangular position Indicating 
signal Sa upon reception of a compressor on/off 
command So, and outputs at ttie timing of the front 

55 or back edge an off-conti'ol signal Sq for turning off 
ttie induction motor 4. 

A compressor on/off command S© of "L" Is a 
stop command signal for tuming off ttie compres- 
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sor and is output upon the actuation of a thermo- 
switch for detecting a room temperature or upon 
actuation of a manual switch. 

The off-control signal So is applied to a TRIAC 
8 serially connected to the induction motor 4. The 
TRIAC 8 and the edge detecting circuit 49 are 
coupled, for example,, by a photocoupler (not 
shown). When the off-control signal Sc is output 
from the edge detecting cinnm 49 and applied to 
the TRIAC 8. the TRIAC 8 is turned off so that the 
induction motor 4 and the compressor connected 
thereto are stopped. 

The power interception by the TRIAC 8 is 
carried out on the basis of the voltage zero aoss 
point Namely, the amplitude of the current Im at 
the voltage zero cross point of the voltage Vs is 
detected, and the sample/hold circuit 43 outputs a 
sample/hold signal Vh cooespondlng to the am- 
plitude of the cunrent tm* On the basis of 
sample/hold signal Vh, the position indicating signal 
Ss and off-control signal Se are generated. Thus, 
power to the induction motor 4 is intercepted at a 
certain time during from the voltage zero cross 
point time to the current phase delay time. 

It was confirmed by experiment that when the 
compressor was stopped at each of eight stages 
during one cycle of the torque pulsation, the vibra- 
tion acceleration became minimum at the minimum 
point of the phase difference. The minimum vibra- 
tion acceleration was about half the maximum val- 
ue, it is to be noted that the shaft position for 
minimum vibration can be obtained for each air 
conditioner by experiment, and that the divider 47 
is adjusted in accordance with the experiment re- 
sults to detenmine the comparator reference volt- 
age signal Va. 



Claims 

1. A method of detecting the shaft position of a 
compressor for an air conditioner, characterized by: 
detecting a phase difference during each cycle 
between a primary voltage and a primary cun'ent of 
an induction motor (4) connected to a fixed fre- 
quency AC power source (6) which drives a com- 
pressor (2) for circulating refrigerant within a refrig- 
erating cycle; and 

detecting ttie shaft position of said compressor in 
accordance with a relationship between a change 
of said phase difference of said' induction motor 
and the pulsation of a load torque relative to the 
shaft position of said compressor. 

2. An apparatus for detecting ttie shaft position 
of a compressor for an air conditioner wherein 
power is supplied via a switch (8) from a fixed 
frequency AC power source (6) to an induction 
motor (4) which drives a compressor (2) for cir- 



culating refrigerant within a refrigerating cycle, 
characterized by: 

sample/hold means (17, 20, 22; 40) for detecting a 
phase difference during eadi cycle between a pri- 

5 mary voltage and a primary cunrent of said induc- 
tion motor (4), and holding said phase difference as 
a phase difference signal; and 
phase signal outputting means (26 to 30, 44) for 
outputting a phase signal representative of the 

70 shaft position of said compressor when Sie phase 
difference signal held by said sample/hold circuit 
becomes a predetermined value. 

3. A shaft position detecting apparatus accord- 
ing to claim 2, wherein said sampie/hold means 

75 (17, 20, 22) outputs a voltage signal having an 
amplitude corresponding to a phase difference be- 
tween the phase timing at a zero point of said 
primary voltage and ttie phase timing at an imme* 
diateiy following zero point of said primary cunrent 

20 4. A shaft position detecting apparatus accord- 
ing to claim 2, wherein said pliase signal outputting 
means comprises maximum value holding means 
(27) for holding a maximum value of said phase 
difference signal, minimum value holding means 

25 (28) for liolding a minimum value of said phase 
difference signal, means (29, 30) for outputting a 
particular value between ^d maximum value and 
minimum value, and comparing means (26) for 
comparing said phase difference signal with said 

90 particular value and outputting a phase signal when 
said phase difference signal becomes coincident 
witti said particular value. 

5. A control apparatus for an air conditioner 
wherein power Is supplied via a switch (8) from a 

35 fixed frequency AC power source (6) to an induc- 
tion motor (4) which drives a compressor (2) for 
circulating refrigerant wKhin a refrigerating cycle, 
characterized by: 

sample/hold means (17, 20, 22) for detecting a 
40 phase difference during each cycle between a pri- 
mary voltage and a primary cunrent of said induc- 
tion motor, and holding said phase difference as a 
phase difference signal; 

phase signal outputting means (26 to 30) for out- 
45 putting a phase signal representative of ttie shaft 
position of said compressor when Uie phase dif- 
ference signal held by said sample/hold circuit 
becomes a predetermined value; and 
off-signal generating means (31, 32) for cont'olling 
50 to turn off said switch (8) in accordance witti a 
compressor-off command for stopping said com- 
pressor and a phase signal output from said phase 
signal outputting means. 

6. An air conditioner control apparatus accord- 
55 ing to claim 5, wherein said sample/hold means 

(17. 20, 22) outputs a voltage signal having an 
amplitude corresponding to a phase difference be- 
tween ttie phase timing at a zero point of said 



primary voltage and the phase timing at an imme* 
diately following zero point of said primary current 

7. An air conditioner control apparatus accord- 
ing to claim 5, wherein said phase signal output 
means comprises maximum value holding means s 

(27) for holding a maximum value of said phase 
difference signal, minimum value holding means 

(28) for holding a minimum value of said phase 
difference signal, means (29. 30) for outputting a 
particular value between said maximum value and lo 
minimum value, and comparing means (26) for 
comparing said phase difference signal with said 

. particular value and for outputting a phase signal 
when said phase difference signal becomes co- 
Incident with said particular value. is 

8. An air conditioner control apparatus accord- 
ing to claim 5, wherein said off-signal generating 
means comprises a flip flop (31) for outputting a Q- 
output in response to the phase signal after the 
compressor-off command, and delay means (32) 20 
for forwarding the Q-output from said flip-flop with 

a predetermined time delay. 

9. A control apparatus for an air conditioner 
wherein a power is supplied via a switch (8) from a 
fixed frequency AC power source (6) to an indue- 25 
tion motor (4) which drives a compressor for dr- 
cuiattng refrigerant within a refrigerating cycle, 
characterized by: 

sample/hold means (40) for sampling a cunrent 
value of said induction motor during each cycle at 30 
a particular phase timing of the primary voltage of 
said Induction motor and outputting said sampled 
signal as a sample signal; and 
control signal generating means (44) for outputting 
an off-control signal for turning off said switch when ss 
said sample signal output from said sample signal 
generating means becomes a specific value under 
tile condition ttiat an off-commiand for stopping said 
compressor has been generated. 

10. A control apparatus according to claim 9, 40 
wherein said sample signal generating means com- 
prises means (41) for detecting a zero cross point 

of said primary voltage, and sample/hold means 
(43) for sampling ttie primary cunrent at a zero 
cross point of tiie primary voltage, and outputting a 45 
sample signal. 

11. An air conditioner control apparatus accord- 
ing to claim 9, wherein said control signal geneat- 
ing means comprises maximum value holding 
means (45) for holding a maximum value of said bo 
sample signal, minimum value holding means (46) 

for holding a minimum value of said sample signal, 
means (47) for outputting a particular value be- 
tween said maximum value and minimum value, 
and comparing means (48) for comparing said 65 
sample signal wHh said particular value and output- 
ting an off-control signal when said sample signal 
becomes coincident witt) said particular value. 
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